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HIGH-SPEED WIND-TUNNEL INVESTTGATTION OF A FIYING-BOAT
HULL WITH HIGH IENGTH-BEAM RATIO

By dohn M. Riebe and Rodger L. Na.eseth-
SUMMARY

An investigastion was made in the Langley T— by 1l0—Ffoot high-speed
tunnel to determine the effect of Mach number on the aerodynamic charac—
teristics of a flylng—boat hull with high length—beam ratio. For com—
parison, tests were made on a streamline body simulating the fuselage of
a modern transport airplane.

The hull, made by extending the afterbody and falring the nose of
Langley tank model 214, had a minimum drag coefficient of 0.0060 at
0.4 Mach number including the interference of the thin sweptback support
wing; the minimm drag coefflclent of the atreamliine body was 0.0030.
Increasing Mach number resulted In drag coefficlent Increases for both
hull and fuselage at all angles of attack Investigated; the rate of
increase became smaller as the body wae msde more refined. At 0° angle
of attack the drag coefficients were 0.0023, 0.0021, 0.001T7, and 0.0008
larger at 0.8 Mach mumber than at O.4} Mach number for the hull, hull
with step fairing, hull with rounded bottom, and streamline 'bod;r, respec—
tively. Angles of attack for minimum drag in the positive range extended
from 0° to about 4° for the hull and 0° to about 2° for the streamline
body for all Mach numbers at which data were not limlted to low angles
of attack.

Increasing Mach number resulted in a very slight decrease in longi-—
tudinal stability for both hull and fuselage; directlonal stebllity was
generally constent.

INTRODUCTION

Because of the requirements for increased range and speed 1n flylng
boats, an investigation of the aerodynamic characteristics of flylng—
boat hulls as affected by hull dimensions and hull shape is being con—
ducted at the Langley Memorisl Aeronsutical Laboratory. The results of
gsoveral phages of this investigation are given in references 1 to 3,
which present date up to a Mach mumber of O.L. The contemplated design
of high-speed sesaplanes has resulted in sn extension of the investigation
to high subsonic Mach mumbers.



2 NACA RM No. L7K28

The present investlgation was made to determine the high-speed
characteristics of & flying~boat hull with high length-besm ratio, the
lines of which were derived from considerations of the data given in
references 1 and 2. Addltional tests were made with the hull step
faired and bottom rounded. For comparing the drag and stabllity, an
investigation was also made of a streamline body simuleting the fuselage
of a modern transport airplane. Throughout the present paper, the hull
and fuselage characteristics were derived by subtraction of wing-alone
data from wing—plus-hull or —~fuselage data.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coefficients
of forces and moments. Rolling—, yawing—, and pltching-mament coeffi-
cients are given about the location (30-percent wing root chord) shown
in figures 1 and 2.

In order to afford direct comparison with low—speed data the wing
area, mean aerodynamic chord, and span, used in determining the coeffi-
cients and Reynolds numbers, are based on the hypothetlical flying boat
given in reference 1. Although these values may vary considerably from
those of high-speed flying boats, it 1s belleved that their use 1s
Justified for camparative purposes.

The hull and fuselage coefficients were derived by subtraction of
wing-alone data from wing—plus-hull or —fuselage data. The wing-alone
data were determined by including in the tests that part of the wing
which Is enclosed in the hull. The hull or fuselage coefficients there—
Tore include the wing interference resulting from the interactlion of the
velocity fields of the wing and hull and alsc the negative wing inter-
ference caused by shielding from the alr stream that part of the wing
enclosed within the hull or fuselsage.

The data are referred to the stability axes, which are a system of
axes having their origin at the center of moments shown in figures 1 and 2
and in which the Z-axis is in the plane of symmetry and perpendicular to
the relative wind, the X—-axls is in the plane of symmetry and perpen—
dicular to the Z-axis, and the Y-axis is perpendicular to the plane of
symmetry. The positive directions of the stability axes are shown in
figure 3.

The cocefficients and symbols are defined as follows:

Cy, 1ift coefficient <£E§E
q

Cp drag coefficient <Drgg>
q
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Lift

Drag

<} 2 2 B8 +« M

[+1}

lateral-force coefficient (:i—s>
rolling-moment coefficient (‘15’3)
q:

pitching-mament coefficient (Jﬂ;)
gSc

yawing-moment cosfficient (.L)
aSb

~Z
~X when ¢ =0
force along X;-axis s pounds
force along Y-axis, pounds
force along Z-axis s pounds
rolling moment, foot—~pounds
piteching moment, foot—pounds
yawing moment, foot—pounds

2
free—-stream dynamic pressure, pounds per square foot (—‘%—)

1

wing area of —scale model of hypothetical flying boat

(1.110 sq ft)

wing mean serodynamic chord (M.,A.C.) of —scale model of a

hypothetical flying boat (0.340 ft)

—scale model of hypothetical flying boat

wing span of
(3.445 £t)

alrspeed, feet per second

mass density of air, slugs per cubic foot

angle of attack of hull base line or fuselage center line, degrees
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angle of yaw, degrees
Reynolds number, based on wing mean serodynamic chord of hypo—
thetical wing of 52%7;-—50319 model of hypothetical flying

boat
M Mach number Alrspeed
Speed of sound in air
Cmm rate of changg of pltching-moment coefficient with angle of
attack (——E
da,
Cn* rate of change of yawlng-moment coefficient with angle of
acn)
yaw
o¥
CY* rate of cgaiie of lateral—force coefficient with angle of
yaw
o¥

MODEL AND APPARATUS

The hull model had the same lines as hull 214, which had a length—
beam ratio 12 (reference l), except that the stermpost was extended to
the aft perpendiculer, resulting in an over-ell length-bean ratio of 15,
and the bow chines were rounded T percent of the hull length. Dimensions
of the hull model are presented in figure 1 and offsets, in table I.

The generesl proportions of the step falring which extended for a
distance equal to nine times the depth of step at the keel are shown in
figure 4. The fairing was similar to that in reference 1. For one of
the tests the hull bottom was rounded over the entire length of the hull
as shown in figure 5.

The streamline body which had a fineness ratio of 9.0 represents
the fuselage of & typlical high-epeed landplane. Dimensliong of the
fugelage are glven in figure 2 and table II.

The hull was constructed of blsmuth and tin alloy bullt around an
eluminum reinforcement beam. The step fairing and rounded bottom which
was interchanged wilth the conventional hull bottom were of mashogany. The
fuselage was glvminum, The models were attached to a steel support wing
which was mounted horizontelly in the tumnel on stings as shown in
figure 6. The support wing which was not a scale model of the hypo—
thetical wing used in determining the coefficients had LO® of sweepback
and an NACA 63-010 airfoil section perpendicular to wing leading edge.
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The support wing was set at an incidence of 0° with respect to the
hull base line and fuselage center line becsuse of structural considera—
tions. The wing was located vertically so that the average angle of the
intersections of upper and lower wing surface with the bull in the
YZ-plane was the same as the average wing intersectiocn angle on the
fuselage. It is belleved that this procedure reduces to a minimum the
difference betwsen that part of the wing interference drag on the hull
and fuselage caused by adjoinling surfaces.

The longitudinal position of the wing was determined fram considera-—
tions of step location with respect to position of center of gravity on
flying boats.

The volumes, surface aress, and maximm crogs-—sectlornal areas of
the hull with the various refinements and of the sireamline fuselage are
given in table IIT.

TESTS

Test Conditions

The tesis were made in the Langley high-speed T— by 1lO~foot tunnel
through the Mach number range fram 0.4 to 0.85. The variation of test
Reynolds number with Mach number for average test conditions is pre~
gsented in figure 7. The Reynolds number was based on the mean asrody-
namic chord of the hypothetical wing (0.340 ft) and was computed using a
turbulence factor of unity. The degres of turbulence of the tunnel is
not known but is bellieved to be small because of the hligh contraction
ratio of the tunnel.

Corrections

The hull and fuselage drag coefficients have been corrected for
buoyancy effects produced by the small longitudinal static-pressure
gradient in the tunnel. Blocking corrections have been appllied to all
coefficients and Mach numbers. Angles of attack and moment data have
been corrected for structural deflections caused by aerodynamic forces.

Test Procedure

The aerodynamic charecteristics of the hull and fuselage with the
interference of the swept support wing were determined by testing the
wing alone and the wing and hull or wing and fuselsge cambination under
approximately similar conditlions. The hull or fuselage aerodynamic coef-
flcients were then determined by subtraction, at given Mach numbers and
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angles of attack, of wing—elone coefficlents from the coefficlents of
the complete conflguration after the data were cross—plotted in order to
compensate for differences in Mach number and angle of attack resulting
from structural deflections.

The surfaces of the hull, fuselage, and wing were smooth, and
therefore transition wae free, for 211 but one test.

RESULTS AND DISCUSSION

The data of figure 8 are typical of the final cross plots from
which hull— or fuselage—plus-—wing Interference data were obtained. The
support wing-alone drag coefficlent remained constant for the range of
Mach numbers tested,

The variations wlth Mech number of the hull and fuselage serody—
namic characterigtics at angles of attack ranging from —2.0° to 7.25°
are presented in figure 9; the varlations with angle of attack at Mach
numbers of 0.40 and 0.65 are shown in figure 10. Figure 11 presents
hull and fuselage lateral aserodynamic characteristics at 0° and 4O angles
of yaw. As shown in figure 10, the angles of attack for minimum drag In
the positive renge extended from 0° to about 4° for the hull and 0° to
about 2° for the streamline body at Mach numbers for which dats were not
1limited to low angles of attack because of structursl limitations of the
support wing. The angle—of—attack range for minimum drag for a
comparative hull of reference 1 weas fram 3° to 5°. The difference is
attributed mainly to the different wing incldence, O° in the present
paper and 4° in reference 1. A rapid increase in drag occurred after
sbout 6° at Mach mumber of O.k.

Transition was free for wing and fuselage for all but one test. A
comparison (fig. 9(b)) of hull dreg coefficlent at O° angle of attack
with that of a test run where hull transition was fixed srtificially by
a strlp of carborundum particles %winch wlde located epproximately
5 percent of the hull length aft of the bow showed very little or no
difference throughout the Mach number range tested.

Increasing Mach number resulted in drag coefficlent increases for
both hull and fuselage at all angles of attack investigated. However,
as shown 1in flgure 9%:), the rate of lncrease with Mach number beceme
smaller as the body was made more refined. The drag coefficients
at a = 0° were 0.0023, 0.,0021, 0,0017, and 0.0008 larger at 0.8 Mach
nuwber than at 0.4 Mach number for the hull, hull plus step falring,
hull with rounded bottom, and streamline body, respectively. These data
indicate that a flying-boat hull of the type tested can be flown to a
Mach number of 0.825 without any sharp drag rise resulting from critical
shock conditions. However, because the geometric discontinuities and
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flotation requirements that handicap the flylng—boat hull wlith regard to
asrodynasmic performance at low speeds penalize 1t even more severely at
high subsonic speeds, it is especially important that high—speed sea—
planses incorporate new types of hulls or conventlonal hulls wilth a
maximm of aerodynamic refinement.

At Mach numbers of spproximately 0.4 the hull minimum drag coeffi—
cients agreed closely with that of hull model 214 given in reference 1;
the hull minimum drag coefficient as given in the reference was 0.0059,
whereas 0.0060 was obtained for the hull in the present investigation.

The difference in Reynolds number, 3.4 x 106 for the deta of reference 1

and 0.9 X lO6 for the present investigation, could account for the
slight increase in drag coefficient according to data presented in refer—
ence 1. The close agreement between the two vaelues indicates that the
differences in support wing and bull gecmetry (bow——chine fairing, stern—
post location, and wing location) tended to compensate each other with
regard to hull drag coefficient. This might be expected; the difference
in stermpost locatlon had 1ittle or no effect while a decrease in drag
resulting from faired bow chines (reference 2) and a better wing location
(reference 4) are offset by an increase in drag coefficient caused by the
use of g LlO—percent—chord—thick support wing instead of the 21-percent—
thick wing of reference 1. The difference in hull drag coefficient
resulting from different support wings should always be noted when
comparisons are made with other hull—plus-wing interference data or
hull-elone data. Subtractlon of wing—alone data from wing—plus—hull
data, as described under "Test Procedure,” results in a lower drag
coefficient than for hull tested alone because of the negative interference
dreg corresponding to that part of the wing enclosed by the hull and
ghielded from the gir stresm. If this favorable interference effect 1s
not kept in mind when comparing with other data, the drag coefficilents
obtained by this method msy seem ebnormslly low. (See reference k.)

Ag in references 1 and 2, at angles of attack for minimum drag,
falring the step for a dilstance nine times the depth of step at the kesl,
as shown in figure 4, resulted in about a 0.0008 reduction in drag coef-—
ficient at about M = O0.4. Rounding the hull bottom completely to the
shape shown in figure 5, gave a 0.0020 minimum drag coefficient reduc—
tion at 0° angle of attack; a similer alteration in reference 2 gave a
reduction of 0.0019. .

The minimum drag coefficient for the streamline body was 0.0030 at
a Mach number of O.4%. The value obtained in reference 2 for a similar
body was 0.0040. The smaller value can probably be attributed to a more
favorable location of the support wing. The support wing of reference 2
protruded conslidexrably out of the top of the fuselage; whereas the present
support wlng wes located more towards the center of the body (fig. 2).
The present wing, although thinner, has therefore a larger part shielded
from the alr stream which results in a large negative wing—Interference
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effect. Reference 4 also indicates that the present wing location pro—
duced a lower Iinterference drag resulting from wing—-fuselage Juncture.

Allowing for the dlfference in center-of-moment position, the longi—
tudinal stability as gliven by Cma compared favorably with the values

given in reference 1 for the hull and in reference 2 for the fuselage.
The values of OCp, Wwere 0.0036 and 0.0033 at O.4 Mach number for the

hull and fuselage, respectively. Increasing Mach number to 0.65 increased
the value of Op = to 0.0042 for the hull and 0.0036 for the fuselage.

These changes are small, however, and correspond to an aerodynamic center
shift of gbout l-percent mean aerodynamic chord forward on a flyling boat.

The directional stability at low Mach numbers (fig. 11) as deter—
mined by C was similar to that of previous tests on the hull and

fuselage, as given In references 1 and 2, respectively. The value of C

waeg 0.0010 for the hull and 0.0005 for the fuselage. Increasing Mach
number increased the directional instability slightly for the hull; that
is, the value of C,  was increased to 0.0012. Increasing Mach number

had only a slight effect on the directional instability for the fuselage.

The velue of Oy, was 0.006 for the hull amd 0.001 for the fuselage;

these values were in good agreement with previous teste at low Mach
nunbers and had little or no varlation with Mach number.

For convenlence the stability parameters and minimum drag coeffl—
clents are listed in table IV.

CONCILUSIONS

The resulte of tests in the Langley 7~ by 10—foot high—speed tunnel
to determine the effect of Mach number on the aerocdynamic characteristics
of a flying—boat hull with high length-beam ratio and testing of a
streamline body for comparilison with the flying—boat hull indicate the
following conclusions:

1. Increasing Mach number resulted in drag coefficlient increases
for both hull and fuselage at ell angles of attack investigated; the rate
of increase became smsller as the body was made more refined. At 0° angle
of attack the drag coefficlents were 0.0023, 0.0021, 0.0017, and 0,0008
larger at 0.8 Mach number then at 0.4 Mach number for the hull, hull with
gtep fairing, hull with rounded bottom, and streamline body, respectlvely.

2. Angles of attack for minimum drag in the positive range extended
from 0° to gbout 4° for the hull and O° to about 2° for the streamline
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body for a1l Mach numbers at which dabte were not limited to low angles
of attack.

3. Increasing Mach number resulted In a very slight decreasse In
longltudinal stability for both hull and fuselage; dlrectlonal stability
was generally constant.

Langley Memoriel Aercnauticel Leboratory
National Advlisory Committese for Aeronsutics
Iangley Field, Va.
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TARLE I.- OFFSETS FOR LANGLEY TAMK MODXL 214 MCDIFIED WITH EXTEMOED AFYERBODY AND ROWDED BOM CHINES
[A11 &imansions are in inches]

Distance | Kool | Ohino | B81f | Redins |y Line of | Angle of Foarebody bottom, heights sbove X
Btatlon | (%o ’i‘“ * ‘i" o Rl et ﬁi%tu “enove | fiare | Bute | Buve] Bats [Buve | Buvt | Dot | Buve | Busk] Bem
chine [ beam X {deg) | Q.10[ 0,20 0.3L[0.41]0.51|0.61( 0.7%] 0.8L1 0.92
¥.P. o 2.5 fonen- -e-] 0 20T | wemmema | memenne
1/2 .58 2e35 [e-ama [mmee= N7 3.5 3,08 | mevemaan 1.55| 1.76} 1.99 | 1.93
1 1,13 093 focmne fameen e 3.87 325 [ mvmm-ne- 1,08 1.2k | 1.k0§ 1.50| L5k | 1.53
2 2,30 A5 | L.01 [0.79 19 &,28 3.4% 10 71 68] .Bo| .89] .97)1.01] Lo2
3 346 «20 €5 | .88 .88 kosh 3.66 10 2281 37l A5| ki 6L €71 &3] 0ut0
i k.61 07 &9 K- N3 k72 37T 10 23] 20| 27) .33] M0 45| JA9) .51] 0.%
5 5.76 01 <37 .58 .98 »,83 3.8% 10 06 | .17 .21 .27) .33 .35 .37 .38
[ 691 |0 231 | 2.00 1.00 b0 3.5 5 Ol o8] a2} .16] .20] @2k .27] G0 W33
T 8.07 |0 W26 | 1.00 1,00 y.92 3.2 ] Okl 0T L) L15) W19| J22] 2% 27| .29
8 9.22 (1] 29 | 1.00 1.00 k.93 3.2 [+] O 07| A L15¢ 190 22( W29 W27] <29
9 10.37 o 29 | 2.00 1.00 2,93 3.92 [} JORE LOTI 1| WJA%) WG] L22] JBB] L27] .29
10 11.%2 o .29 | 1,00 1.00 k.53 3.92 [ Ol o7 ) W15 La9) ez 23] W27] .29
1 12.67 |© .29 | 1.00 1,00 5,93 3.92 0 oOk] L07) L1} 2] .19 .22| .25 «27] .29
12y 3.8 |o 29 |1.00 1.00 .93 3.92 0 O L07] WG .28 a9) .22 .25 .27) .29
124 13.8% .29 .65 | 1.00 1.00 k93 3.92

1 k.98 &6 K-} 1.00 1.00 ¥.93 3.93
’ /?ad/‘uyd half maxum beam

1% 16.13 63 | .99 ! .99 «99 k.93 3.5%
Helght-of hut!
15 17.28 .80 | L25 | .97 97 k93 3.96 at
16 18.%3 97 | L.31 54 N k.93 3.99
1.5 | 246 | .89 .89 k.02 ] +

17 19.58

Stranght
16 20.7% | L.31 | 1.6 | L& O | nes | oo line 2 E
19 21.85 | 1.48 | 1.76 | .78 .78 k93 ks Angle of 3

20 23.06 | 163 | L9L | T o bowees | w2 chine flare I

a1 24,19 | 1.82 [2.05 | .6 N k.93 %30 LLIj/ Strizight
] A \, fj};‘

22 25.35 | 1.99 [2.19 | .53 53 93 39 | Line of centers

¥

Chine above }
23 265 [2.a6)2.3 | Ja a3 1 ko3 | o £ l Z ’
Keel above & ¢ Half beqm &

2% 27.65 | 2.33 | 2.4% | .32 .32 ko3 k.60 af chine

25 | 880 |20 eme| aa | .21 | ks | b Forebody Afterbody

26 29.95 | 2.67 j2.70 | .08 08 | ko3 | okeew

AJP. 30.00 | 2.69 | 2712 | .08 .08 k93 %85
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TABLE II.— ORDINATES FOR STREAMLINE BODY

[All dimensions asre given in inches]|

Station Radius Station Radius
(o] o] 12,180 1.661
Okl .105 13.068 1.651
.135 .215 13.919 1.645
270 .324 1k 002 1.629
540 484 15.959 1.603
865 631 17.013 1.569
1.297 .187 17.91k 1.533
2.026 .990 18.596 1.500
2.161 1.022 19.582 1.546
2,769 1.152 20,46k 1.389
 3.620 1.298 21.538 1.308
k W7y 1.%08 22,436 1.229
5275 1.484 23.327 1.141
6.045 1.539 2k, 219 1.0k0
6.787 1.578 25.110 927
T.564 1.608 26.002 . 799
8.k66 1.632 26.870 660
9.462 1.649 27.717 507
10.299 1.657 28.589 .331
11.204 1.661 29,352 160
11.576 1.661 30.000 0

“‘!ﬂ‘iﬂ"’

11
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TABLE II7.— VOLUMES, SURFACE AREAS, AND MAXIMUM CROSS-SECTIONAL AREAS
OF LANGLEY TANK MODEL 21k MODIFIED WITH EXTENDED AFTERBODY
AND FAIRED NOSE ARND OF STREAMLINE FUSELAGE

Maximum crogss—
Volume Surface area
Configuration sectional area
(cu in.) (sq in.) (sqg in.)
Hull 177 282 9.16
Hull, step 178 28k 9.16
faired
Hull, bottom 172 281 v 9,00
rounded
Streamline 172 238 8.65
fuselege




TABLE IV.— DRAG COEFFICIENTS AND STABILITY PARAMETERS OF LANGLEY TANK

MODEL 21% MODIFTED WITH EXTENDED AFTERBODY AND FAIRED

NOSE AND OF STREAMIINE FUSELAGE

&
_ “Dnin &n o tor 4200 | gor om0l
Configuration s 2 oy oy
M= 0,40|M = 0.80|M = 0.40|M = 0,65|M = 0.40|M = 0.80|M = 0.40OIM = 0.80
Hull 0.0060 | 0.0080 | 0.0036 | 0,0042 | 0.0010 | 0.0012 | 0,006 | 0,006
Hull, step L0050 | L0062 [ .0036 | .0O42
faired
Hull, bhottam | 2,00%0 | %.0056
rounded
Streamlins 0030 | .00351 .0033| .0036| .0005| .0005| .oOL 001
fuselage
8ot o = 09.
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Base line
Typica/ section Typieal section
forebody afterbody
1
j— = b _}C
Maximum beam 2.00
— 20 s Chines rounded A

Centep of nts
| ~Cen r of mome

) 4
£ & ] pf
— 13.84-

Figure .- Lines of Langley tank model Zi4 modified with exfended
afterbody and “roundled bow chines .
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Forebody

Flane swfoce iﬁzi—éd fo
, WM bottorn

- — f\A fterbod Y
Sfmg/#' lihe at-chine \/7\\

Figure 4.- General details of step faired nine times depth of step at
keel, Bottom view of hull.
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Moaximum beam 2.00"

Center of moments ﬁ"l
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Figure 5.~ Lines of Langley fank model 214 modified
with rounded bottom.

9T

QZ¥LT "ON W VOVN




'
.
(LI}

Figure 6.- Langley tank model 214 modified with extended afterbody, bow chines
rounded and step faired, mounted in the Langley 7- by 10-foot high-speed tunnel.
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